A phenol-degrading actinomycete, strain NP8-5 T , was isolated from a polluted stream in Gumi, Korea. The strain was aerobic, Gram-positive-staining, non-motile and non-spore-forming, displayed a rod-coccus growth cycle, exhibited white opaque colonies on complex media and showed chemotaxonomic markers that were consistent with its classification in the genus Gordonia. Phylogenetic analysis, based on 16S rRNA gene sequencing, also showed that strain NP8-5 T belonged to the genus Gordonia, sharing the highest levels of sequence similarity with 
(96.4, 96.0 and 95.9 %, respectively) and forming a separate lineage within this genus. Combined phylogenetic and phenotypic data supported the conclusion that strain T represents a novel species of the genus Gordonia, for which the name Gordonia kroppenstedtii sp. nov. is proposed. The type strain is NP8-5 T (5KCTC 19360 T 5DSM 45133 T ).
At the time of writing, the suborder Corynebacterineae within the order Actinomycetales comprises 13 genera of mycolic-acid-containing actinomycetes. There are two exceptional species, Corynebacterium amycolatum and Turicella otitidis, which are known to lack mycolic acids (Goodfellow & Maldonado, 2006; Pascual et al., 1995; Soddell et al., 2006) . As well as mycolic acids, other chemotaxonomic markers are common in members of the Corynebacterineae, such as meso-diaminopimelic acid, arabinose and galactose in whole-cell hydrolysates, menaquinones with a partly saturated isoprenoid side chain and a fatty acid pattern composed of unbranched saturated and unsaturated fatty acids plus tuberculostearic acid. Fine differences in chemotaxonomic markers can be used for genus and species differentiation within this suborder (Goodfellow & Maldonado, 2006; Linos et al., 1999; Soddell et al., 2006) .
Members of the genus Gordonia were originally regarded as opportunistic pathogens that were isolated from sputum of humans suffering from pulmonary diseases, e.g. Gordonia bronchialis, Gordonia aichiensis and Gordonia sputi. Since then, a number of species have been isolated as a result of their abilities to degrade xenobiotics, environmental pollutants or slowly biodegradable natural polymers, e.g. benzothiophene and dibenzothiophene by Gordonia desulfuricans and Gordonia amicalis, alkanes by Gordonia alkanivorans, malodorous animal emissions such as aldehydes and ketones by Gordonia hydrophobica and Gordonia hirsuta, 3-ethylpyridine and 3-methylpyridine by Gordonia nitida, polyisoprenoids and synthetic cis-1,4-polyisoprene by Gordonia polyisoprenivorans and Gordonia westfalica, nitrile compounds by Gordonia namibiensis and hydrocarbons such as liquid paraffin by Gordonia paraffinivorans (Kim et al., 2003; Arenskötter et al., 2004) . At the time of writing, the genus Gordonia comprises 25 recognized species. Recently, Gordonia nitida was reported to be a later synonym of Gordonia alkanivorans (Arenskötter et al., 2005) .
During the screening of phenol-degrading bacteria from a polluted stream near the Gumi industrial complex in Korea, strain NP8-5 T was recovered from white colonies on R2A agar (Difco) at 25 uC. On the basis of preliminary 16S rRNA gene sequence comparisons, the strain was found to belong to the genus Gordonia, but it showed low levels of 16S rRNA gene sequence similarity (,97 %) to all of the recognized species of this genus. To elucidate the taxonomic status of strain NP8-5 T further, it was subjected to a polyphasic investigation. , grown under identical conditions, were used as reference strains for fatty acid and mycolic acid analyses and for other phenotypic tests.
The Gram reaction was performed as described by Gerhardt et al. (1994) . Cell morphology and motility were observed under a light microscope (61500 magnification; Nikon Optiphot-2) with cells grown for 1-7 days. Oxidase activity was tested using Bactident-Oxidase strips (Merck) and catalase activity was tested using 3 % H 2 O 2 . Growth was investigated at 5, 10, 15, 20, 25, 30, 37 and 42 u C, in the presence of 1, 2, 3, 5, 6.5 and 10 % NaCl and at pH 5-11 in increments of 1 pH unit. The following biological buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH 5-7 and Na 2 CO 3 /NaHCO 3 for pH 8-11 (Gomori, 1955; Bates & Bower, 1956 ). Hydrolysis of casein and starch was tested on casein agar and starch agar (Difco). Carbon source utilization and quantitative enzyme tests were performed in standard microtitre plates as described previously (Bendinger et al., 1995; Linos et al., 1999) . Acid production tests and additional physiological tests were performed using API 20E and API 20NE galleries according to the instructions of the manufacturer (bioMérieux).
Fatty acid methyl esters and mycolic acid trimethylsilyl ethers were prepared and analysed as described by Klatte et al. (1994) by using the standard microbial identification system (MIDI) for automated GC analyses (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by using TLC on Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thickness; Merck) using petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. Quinones were identified using reversed-phase HPLC analysis, as described by Shin et al. (1996) . Amino acid and sugar analyses of whole-cell hydrolysates followed the procedures of Staneck & Roberts (1974) . The murein acyl type was determined by the colorimetric method of Uchida et al. (1999) . Polar lipids were extracted, examined by two-dimensional TLC and identified by using published procedures (Minnikin et al., 1977) .
Extraction of genomic DNA, PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Rainey et al. (1996) . The 16S rRNA gene sequence was aligned with published sequences retrieved from EMBL by using CLUSTAL X (Thompson et al., 1997) and edited via the BioEdit program (Hall, 1999) . Phylogenetic trees were constructed on the basis of the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods; distances were estimated by the method of Jukes & Cantor (1969) by using MEGA version 3.0 (Kumar et al., 2004) . The resultant topologies were evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 resampled datasets. DNA G+C contents were determined by HPLC, following hydrolysis, as described by Tamaoka & Komagata (1984) and non-methylated l DNA (Sigma) was used as a standard.
Strain NP8-5
T was an aerobic, catalase-positive, non-sporeforming actinomycete and displayed the typical rod-coccus growth cycle that is usually found among members of the genus Gordonia and related taxa, e.g. Rhodococcus (Goodfellow & Maldonado, 2006) . On TSA, the colonies were white, rough, umbonate and irregular, whereas upon primary isolation on R2A agar, they were white, glossy, convex and circular.
Analysis of the almost-complete 16S rRNA gene sequence (1463 nt) of strain NP8-5 T indicated its relationship with the genus Gordonia; the sequence similarity ranged from 93.9 to 99.7 % among the type strains of recognized species of this genus. Strains NP8-5 T showed the highest 16S rRNA gene sequence similarity, with values of 96.4 and 96.0 %, to G. araii IFM 10211 T and G. hydrophobica DSM 44015 T , respectively, and showed 95.9 % similarity to each of G. sinesedis NCIMB 13802 T , G. bronchialis DSM 43247 T , G. namibiensis NAM-BN063A T , G. sihwensis DSM 44576 T and G. westfalica KB2
T . The levels of 16S rRNA gene sequence similarity with all Gordonia type strains were 94.1-96.4 %, below the level that is indicative of relatedness at the species level (Stackebrandt & Goebel, 1994) . Also, strain NP8-5 T occupied a quite distinct position in the phylogenetic tree, forming a stable branch with all recognized Gordonia species within the suborder Corynebacterineae (Fig. 1) , which supported the conclusion that the organism merits recognition as the type strain of a novel species within the genus Gordonia.
The physiological, biochemical and chemotaxonomic characteristics of strain T are given in the species description and those that distinguish the organism from closely related Gordonia type strains are listed in Table 1 . Strain NP8-5 T had a fatty acid pattern similar to those of related taxa, except for the lack of 17 : 1v8c (Supplementary Table S1 , available in IJSEM Online), and synthesized a series of mycolic acids that ranged from 56 to 60 carbon atoms in length, with 58, 59 and 60 as the three principal mycolic acids. This chain-length was in the range expected for Gordonia species (48-70), and the pattern was most similar to that of G. hydrophobica (Supplementary Table S1 ).
On the basis of phylogenetic and phenotypic data, strain NP8-5 T represents a novel species of the genus Gordonia, for which the name Gordonia kroppenstedtii sp. nov. is proposed.
Description of Gordonia kroppenstedtii sp. nov.
Gordonia kroppenstedtii (krop.pen.sted9ti.i. N.L. gen. n. kroppenstedtii of Kroppenstedt, in honour of Reiner Michael Kroppenstedt, a German microbiologist, for his enormous contributions to the taxonomy of actinomycetes).
Cells are aerobic, Gram-positive-staining, non-motile, non-spore-forming rods and display a rod-coccus growth cycle. Catalase-positive but oxidase-negative. Growth occurs at 10-30 u C (optimum, 25-30 u C) and at pH 6-9 (optimum, pH 6-7). Growth occurs in the presence of 1-6.5 % NaCl, but not with 10 %. Colonies are white, opaque and polymorphic on complex media. Indole and H 2 S are not produced. Nitrate is not reduced. Aesculin is hydrolysed, but casein, gelatin, starch, p-nitrophenyl b-D-xyloside, p-nitrophenyl phosphorylcholine and 2-deoxythymidine-59-p-nitrophenyl phosphate are not. bGalactosidase (weakly) and urease are produced, but arginine dihydrolase, ornithine decarboxylase and lysine decarboxylase are not. Voges-Proskauer test is positive. Acid is produced from amygdalin and L-arabinose, but not from D-glucose, myo-inositol, D-mannitol, melibiose, Lrhamnose, D-sorbitol or sucrose. L-Alanine, 4-aminobutyrate, caprate, glucarate, 2-hydroxyvalerate, myo-inositol, Lleucine, phenylacetate, L-proline, D-ribose, L-serine, succinate, sucrose, turanose and L-valine are utilized as sole carbon sources, but acetamide, N-acetyl-D-glucosamine, Darabitol, L-aspartate, benzoate, citrate, D-galactose, gluconate, D-glucosaminic acid, 3-hydroxybenzoate, 4-hydroxybenzoate, 2-oxoglutarate, pimelate, putrescine, quinate, L-rhamnose and tyramine are not. Whole-cell hydrolysates contain meso-diaminopimelic acid, arabinose and galactose. Peptidoglycan sugars are glycolated. Predominant menaquinone is MK-9(H 2 ). Polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannosides. Major fatty acids are 16 : 1v7c, 16 : 0, 18 : 1v9c and 10-methyl 18 : 0. Principal mycolic acids have a chain-length of 58-60 carbon atoms. The DNA G+C content of the type strain is 68.5 mol%.
The type strain, NP8-5 T (5KCTC 19360 T 5DSM 45133 T ), was isolated from a polluted stream in Gumi, Korea. Linos et al. (1999 Linos et al. ( , 2002 and this study. +, Positive; (+), weakly positive; 2, negative; pNP, p-nitrophenyl. Gordonia kroppenstedtii sp. nov.
